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(54) Structure of radial turbine scroll and blades 

(57) The improvements are made in the turbine 
scroll and the turbine blades. The scroll structure for the 
radial turbines is characterized by the foregoing scroll 
having a scroll width ratio between the width in the radial 
direction (AR) and the width in the direction of the rota- 
tion (B) ranging from AR/B = 0.3 to 0.7. It is further char- 
acterized by the configuration in which the turbine 
blades have cut-away areas at the blade corners by a 
prescribed amount, which are provided on the inlet edge 
at the shroud side and hub side where the operating gas 
flows. 



FIG. 1 
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Description 

BACKGROUND OF THE INVENTION 

Field of the inventionl 5 

[0001] The present invention relates to structures of 
turbine scroll and blades. The turbine scroll forms the 
gas flow path for radial turbines used in turbochargers 
for internal combustion engines(exhaust gas turbo- 
charger), small turbines, expansion turbines, etc., 
wherein the operating gas flows onto the turbine blades 
on the turbine rotor from the vortex-shaped scroll in the 
radial direction to impart rotational drive to said turbine 
rotor. The turbine blades are fixed on a rotor shaft for 
the compressor. 

Description of the Related Art 

[0002] Radial turbines are widely used in the relatively 
compact turbochargers (exhaust gas turbochargers) 
used in automobile engines and the like. The operating 
gas for the turbine flows in the radial direction from the 
vortex -shaped scroll formed inside the turbine casing to 
the turbine blades, causing the rotation of said turbine 
rotor, before flowing in the axial direction. 
[0003] Figure 1 1 shows an example of a turbocharger 
using a radial turbine. In the Figure, 1 represents the 
turbine casing, 4 the vortex-shaped scroll formed inside 
turbine casing 1 , 5 the gas outflow path formed inside 
turbine casing 1 , 6 the compressor casing, and 9 the 
bearing housing that links the turbine casing 1 and com- 
pressor casing 6. 

[0004] Turbine rotor 10 has a plurality of turbine 
blades 3, which are evenly spaced and affixed to its out- 
er circumference. 7 is the compressor, 8 the diffuser 
mounted at the air outlet of said compressor 7, and 12 
is the rotor shaft that links said turbine rotor 1 0 and com- 
pressor 7. 11 is a pair of bearings mounted in the fore- 
going housing 9, which support the foregoing rotor shaft 
1 2. 20 is the axis of rotation of the foregoing turbine rotor 
10, compressor 7 and rotor shaft 1 2. 
[0005] In turbochargers equipped with such radial tur- 
bines, exhaust gases from the internal combustion en- 
gine (not shown) enter the foregoing scroll 4, where they 
flow along the swirl of said scroll 4, which causes them 
to rotate as they flow in from the opening at the outside 
circumference of the turbine blades 3 toward said tur- 
bine blades 3 in the radial direction toward the center of 
turbine rotor 10. After performing the expansion work 
upon said turbine rotor 10, the gases flow in the axial 
direction outside of the device through gas outlet 5. 
[0006] Figure 12 is a structural diagram showing the 
foregoing scroll 4 and surrounding area in a radial tur- 
bine. In the figure, 4 is the scroll, 41 the outer circum- 
ferential wall of said scroll 4, 43 the inner circumferential 
wall, and 42 the side walls. Also, 3 represents the turbine 
blades, 36 the shroud side and 34 is the hub side for 



said turbine blades 3. 

[0007] The width AR 0 in the radial direction of scroll 4 
is formed to be of approximately the same dimensions 
as the width B 0 in the direction of the axis of rotation 
(scroll width ratio ARq/Bq = 1). 
[0008] Figure 13 (A), Figure 13 (B) show the area 
around a tongue formed in inner circumference of the 
gas inlet to the radial turbine; Figure 13 (A) is a front 
view from a right angle to the axis of rotation, and Figure 
1 3 (B) is a view in the direction of the arrows on line B-B 
of Figure 13 (A). 

[0009] In the Figures 13(A), 13(B), 4 is the scroll, 44 
is the edge surface of the opening to said scroll 4, 45 
the tongue formed on the inside circumference of the 
gas inlet, 45a is the tongue edge, the downstream edge 
of said tongue 45, and 046 represents the tongue's 
downstream side walls, which are located directly down- 
stream of tongue edge 45a of the foregoing scroll 4. 
[0010] The width between the walls of said tongue's 
downstream side walls 046 is either the same as the 
width of the foregoing tongue edge 45a, or a width that 
has been smoothly constricted from tongue edge 45a to 
follow the shape of the scroll 4. 
[001 1 ] In the above described types of radial turbines, 
the gases inflowing into the vortex of the foregoing scroll 
are rotating as they flow into turbine blades 3, and the 
velocity distribution of the inflowing gas varies in the 
height direction (Z direction) of turbine blades 3. 
[001 2] To wit, due to the three dimensional boundary 
layer having a 15 to 20% height B 2 range at the forego- 
ing input edge surface formed in the vicinity of inlet edge 
surface 31 (see Figure 12) for the foregoing turbine 
blades 3, the foregoing gas inflow velocity C, as shown 
in Figure 14, has a circumferential direction component 
having a circumferential velocity C e , which is greater at 
the center of the foregoing inlet edge surface 31 , and 
which is lower at the square area on both ends of the 
blades 3, i.e. the shroud side 36 and the hub side 34. 
Also, as shown in Figure 11 , the radial direction compo- 
nent, which is the radial direction velocity C R , has a dis- 
tribution in the height direction, which is lower in the 
center of the foregoing inlet edge surface 31 and higher 
at both edges, i.e. the shroud side 36 and the hub side 
34. 

[001 3] Then when distribution in the flow in the height 
direction at the inlet to the foregoing turbine blades 3 
exists, in other words, when there is distortion in the flow, 
the flow loss at said turbine rotors increases, and this 
lowers the turbine's efficiency. To wit, the optimum rela- 
tive angle of gas inflow (3^ along with relative angle of 
gas inflow p 2 between the walls of inlet edge walls 31 , 
i.e. between the foregoing hub side 34 and shroud side 
36, in the center of the inlet for turbine blades 3 increas- 
es, so that near the foregoing hub side 34 and shroud 
side 36, a difference develops in the relative angle of 
gas inflowp. In other words, as the gas impact angle (in- 
cidence angle) increases, the impact angle (incidence 
angle) also increases on the back side of turbine blades 
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3 from the gas (back pressure), which not only causes 
impact loss, but it increases the impact angle (incidence 
angle) at the foregoing hub side 34 and shroud side 36, 
which adds to the secondary flow loss between the tur- 
bine blades to thereby lower the turbine's efficiency. 
[0014] On the other hand, in the foregoing scroll 4, 
which forms the inlet flow path to the turbine blades 3, 
the shape of the scroll 4 causes a three dimensional 
boundary layer to be produced. As shown in Figure 15 
(B) , the radial direction velocity C R in the height direction 
of turbine blades 3, shows a velocity distribution which 
is lower at the center of the foregoing inlet edge surface 
31 , and higher at the square areas on the two ends of 
the blades, in other words, on the shroud side 36 and 
the hub side 34. 

[001 5] However, as shown for the conventional scroll 
4 in Figures 12 and 13: 

(1) the cross-sectional shape of the flow path of 
scroll 4 is approximately square, with the width di- 
mension in the radial direction AR 0 being the same 
as the width in the direction of the axis of rotation 
B 0 (scroll width ratio AFyB 0 = 1). 

(2) In the area on both sides of scroll 4 which con- 
nect to around both edges of turbine blades 3, to wit 
the shroud side 36 and the hub side 34, the side 
walls have a smooth surface. 

(3) The width B 0 in the direction of the axis of rota- 
tion of the scroll 4 flow is formed to be either con- 
stant, or diminished slightly toward the inside cir- 
cumferential side. 



to reduce the wake 50, and even further causes varia- 
tion and distortion in the boundary layer of the radial di- 
rection velocity C R in the circumferential direction. This 
increases the scrollf low loss, andthereby lowers turbine 
5 efficiency. 

[0021] ON the other hand, since the shape of the 
aforementioned turbine blades 3 is such that the outside 
diameter of the inlet edge surface 31 maintains the same 
height across the shroud side 36, the center area, and 
10 hub side 34 as shown in the B portion shown in Figure 
16 (A) , the blades' circumferential velocity Ug=U r Be- 
cause of this, the relative angle of gas inflow pin the 
height direction of the blades 3 differs. If, as shown in 
the E portion shown in Figure 16(A), the relative angle 
is of gas inflow p 1 is optimized in the center area, then, as 
shown in Figure D portion in Figure 16(A), the relative 
angle of gas inflowp 2 near the side walls, i.e. hub side 
34 and shroud side 36, is greater than the relative angle 
of gas inflow B 1 at the center due to the flow distortion 
20 caused by the foregoing scroll 4. In the figures, W 1f W 2 
are the relative gas inflow velocities, and C p C 2 are the 
absolute gas inflow velocities. 
[0022] Due to this situation in the prior art, on the fore- 
going hub 34 and shroud 36 sides, the gas flow on the 
25 back side (negative pressure side) of the foregoing 
blades 3 came in at an impact angle (incidence angle) 
and not only generated an impact loss at the inlet to the 
turbine blades, but also increased the secondary flow 
loss inside turbine blades 3 due to the increase of the 
30 impact angle (incidence angle) on the forgoing hub 34 
and shroud 36 sides, which facilitated diminished tur- 
bine efficiency. 



[0016] These result in the following types of problems: 
[0017] Due to that structure, the above described 
three dimensional boundary layer is apt to form at the 
gas inlet to the foregoing turbine blades 3. 
[001 8] Further, in the area of the foregoing tongue 45, 
the difference in pressure above and below tongue 45 
due to its thickness causes the generation of wake 50, 
as shown in Figure 13 (A). Then, as shown in Figure 13 
(A) for the conventional technology, since width be- 
tween the walls downstream of the tongue 046, being 
either the same as the width of the tongue edges 45a 
or gradually reduced from said tongue edge 45a, follow- 
ing the shape of scroll 4, generates no action that would 
reduce the foregoing wake 50. Accordingly, as shown in 
Figure 15(A), this causes variation and distortion the ra- 
dial direction velocity C R in the circumferential direction. 
[0019] Thus, in the prior art, the shape of scroll 4 as 
stated above in (1), (2) and (3) causes a three dimen- 
sional boundary layer to be generated, which distorts 
the gas flow in the height direction of turbine blades 3 
as the gas flows into the turbine blades, and this increas- 
es the flow loss to turbine blades 3, and thereby lowers 
the turbine efficiency. 

[0020] Further, due to the structure of the side walls 
046 downstream of the foregoing tongue edge 45a in 
the prior art, the thickness T of tongue 45 does not act 
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[0023] The present invention was developed after re- 
flection upon the problems associated with the prior art. 
The improvements are made in the turbine scroll and 
the turbine blades. The first object of this invention is to 
40 provide a scroll structure for radial turbines that inhibits 
the formation of a three dimensional boundary layer 
caused by the shape of the scroll at the inlet to the tur- 
bine blades, that reduces the flow loss to said turbine 
blades by preventing distortions from forming in the gas 
45 flow in the height direction of said turbine blades, and 
that additionally inhibits the scroll flow loss by reducing 
the formation of distortion in the radial direction velocity 
in the scroll flow path as means to improve turbine effi- 
ciency. 

so [0024] The second object of this invention is to pro- 
vide turbine blades which can improve the efficiency of 
the turbine by making the relative angle of gas inflow at 
the inlet to the turbine blades uniform in the height di- 
rection of the blades and inhibiting the gas impact loss 

55 due to variations in the foregoing relative angle of gas 
inflow and the generation of secondary flows in the area 
inside the turbine blades. 

[0025] To achieve the first objects mentioned above 
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improving the shape of the scroll, a preferred embodi- 
ment of this invention provides radial turbines in which 
the operating gas flows through a vortex-shaped scroll 
formed inside the turbine casing to the blades of the tur- 
bine rotor positioned inside that scroll, flowing into said 5 
blades in a radial direction to rotate said turbine rotor 
before flowing out, in the axial direction, wherein the 
scroll structure for the radial turbines is characterized 
by the foregoing scroll having a scroll width ratio be- 
tween the width in the radial direction (AR) and the width 
in the direction of the rotation (B) ranging from AR/B = 
0.3 to 0.7. 

[0026] As shown in Figure 1 , by means of this inven- 
tion providing that the scroll width ratio between the 
width of the scroll in the radial direction (AR) and the 
width in the direction of the axis of rotation (B) being AR/ 
B = 0.3 to 0.7, creates a situation where the total friction 
loss caused by the scrolls side walls and the inside and 
outside circumferential walls is approximately equiva- 
lent to that in the prior art where the width ratio was AR/ 
B = 1 , but because the scroll shape has been flattened 
by lengthening width in the axial direction of rotation (B) 
to be approximately twice the width in the radial direction 
(AR), atthe edge area of the blades (to wit, on the shroud 
side and the hub side) on the scroll side walls, the radial 
direction velocity (C R ) has been reduced over what it 
was in the prior art wherein the aforementioned scroll 
width ratio AR/B was approximately 1 . This reduces the 
secondary flow loss inside the scroll. 
[0027] It further serves to inhibit the development of 
a three dimensional boundary layer, which, as shown in 
Figure 2, reduces the flow loss, especially the mixture 
loss to the turbine blades, by maintaining the distortion 
of the gas flow in the direction of the height of the turbine 
blades as it flows into the blades to thereby improve the 
efficiency of the turbine. 

[0028] Another preferred embodiment of this inven- 
tion is characterized by the foregoing scroll being struc- 
tured in a manner such that the width in axial direction 
of rotation (B) expands at a fixed rate from the outside 
circumference in the radial direction toward the inside 
circumference. 

[0029] Another preferred embodiment of this inven- 
tion, is preferably, is characterized by the foregoing 
scroll's width in the direction of the axis of rotation (B) 
being formed so that the width in the axial direction of 
the inside circumferential edge (B 2 ) being 1 .2 to 1 .5 
times the width of the outside circumferential edge (B.,). 
[0030] According to this embodiment, the structure of 
the scroll is such that its width in the direction of the axis 
of rotation (B) is gradually expanded from outer circum- 
ferential side in the radial direction to the inner circum- 
ferential side, which, corresponding to the square areas 
on both ends of the blades (that is, on the shroud side 
and hub side), along both side walls of the scroll area, 
the velocity in the radial direction (C R ) is gradually re- 
duced as the gas approaches the turbine blades, which 
causes a more uniform distribution of the velocity in the 



radial direction (C R ), in comparison to the reduction 
achieved in the prior art by using a constant scroll width. 
[0031] This structure inhibits the development of a 
three dimensional boundary layer, and the turbine effi- 
ciency is improved by maintaining the turbulence in the 
gas in the height direction of the blades as it flows onto 
said blades to thereby reduce the flow loss and increase 
turbine efficiency. 

[0032] Yet another preferred embodiment of this in- 
vention is characterized by forming a corrugated surface 
on the side walls of the foregoing scroll. This invention, 
by means of forming a corrugated surface on the side 
walls of the scroll, compared to that of the smooth sur- 
face in the prior art , causes a velocity reduction of the 
radial direction velocity (C R ) due to the corrugated sur- 
face on both side walls of the scroll, in the areas that 
correspond to the square areas at both ends of the tur- 
bine blades (i.e. on the shroud side and hub side), which 
in turn causes the radial direction velocity (C R ) distribu- 
tion to become more uniform in the direction of the axis 
of rotation of said scroll. 

[0033] This inhibits the development of a three dimen- 
sional boundary layer, and the gas flow in the height di- 
rection of the turbine blades remains distorted as it flows 
onto said blades to thereby reduce the flow loss and in- 
crease turbine efficiency. 

[0034] Yet another preferred embodiment of this in- 
vention is characterized by forming the foregoing scroll 
in a manner such that, in a turbine scroll used in a radial 
turbine in which the operating gas flows through a vor- 
tex-shaped scroll formed inside the turbine casing to the 
blades of the turbine rotor positioned inside said turbine 
scroll, flowing into said blades in the radial direction to 
rotate the turbine rotor before flowing out, in the axial 
direction, it is characterized by the configuration wherein 
the sectional area of the tongue's downstream formed 
at the i nner circumference of the gas in let is smaller than 
the sectional area of the tongue edge by narrowing in 
the width direction in an amount corresponding to the 
thickness (T) dimension of the tongue. 
[0035] Preferably, the width of the tongue's down- 
stream side walls is formed partially narrower in an 
amount equal to the thickness (T) of said tongue than 
the width of the tongue edge. 

[0036] According to this embodiment, by forming the 
scroll to make the sectional area of the flow path at the 
downstream right after the tongue smaller than the sec- 
tional area of the flow path at the tongue's edge (espe- 
cially, by making the width dimension between the walls 
at the downstream right after the tongue smaller by an 
amount corresponding to the thickness (T) of the tongue 
than the walls at the tongue edge, it is possible to reduce 
the wake generated by the tongue and to reduce the 
turbulence at the outlet of the scroll. 
[0037] Further, reducing the width direction of the flow 
path at the downstream right after the tongue by an 
amount corresponding to the thickness (T) of the 
tongue, inhibits the development of a three dimensional 
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boundary layer, and as was the case with the preferred 
embodiments mentioned above, the flow loss caused 
by the gas flow which remains distorted in the height 
direction of the turbine blades as it flows onto said 
blades can be reduced, and the turbine efficiency can 
be thereby increased. 

[0038] To achieve the second objects mentioned 
above improving the shape of the blades, a preferred 
embodiment of the invention is related to a structure of 
turbine blades used in a radial turbine in which the op- 
erating gas flows through a vortex-shaped scroll formed 
inside the turbine casing to the turbine blades of the tur- 
bine rotor positioned inside said turbine scroll, flowing 
into said blades in the radial direction to rotate the tur- 
bine rotor before flowing out, in the axial direction. It is 
characterized by the configuration in which the turbine 
blades have cut-away areas at the blade corners by a 
prescribed amount, which are provided on the inlet edge 
at the shroud side and hub side where the operating gas 
flows. 

[0039] The foregoing cut-away area can be a curve 
shaped cut-away which has a rounded sectional shape, 
or the foregoing cut-away area can have a linear sec- 
tional shape. 

[0040] According to this configuration, the cut-away 
areas have been established on the shroud side and 
hub side of the inlet edge surface of the turbine blades, 
which makes the diameter of both ends of the foregoing 
inlet edge surface to be smaller than the diameter in the 
center. Accordingly, the amount that is cut away to form 
the foregoing cut-away areas can be varied to adjust to 
the gas flow distribution at the inlet to the turbine blades 
at the two ends of the inlet edge surface, i.e. relieved 
toward the inside circumference at the shroud side and 
the hub side, as a means to adjust to the optimal angle 
in the height direction of the turbine blades for the rela- 
tive inflow angle (p) of the gas into the turbine blades. 
[0041] Thus, according to the present embodiment, 
the gas impact angle (incidence angle) at the inlet to the 
turbine blades can be kept constant in the height direc- 
tion of the blades, which avoids the issues in the con- 
ventional technology where there was impact loss and 
development of secondary flows inside the turbine 
blades due to the non-uniform relative gas inflow angles; 
such losses decreased the efficiency of turbines. 
[0042] In addition, as described above, athree dimen- 
sional boundary layer forms with a width of about 10% 
to 20% the height of said inlet edge near the inlet edge 
surface of the turbine blades, and this three dimensional 
boundary layer causes the non-uniformity in the relative 
inflow angles in the height direction at the inlet to the 
turbine blades. However, as described above, by cutting 
away the foregoing inlet edge surface to at least match 
the width over which the three dimensional boundary 
layer is generated, that is, making the length in the radial 
direction of the cut-away area 1 0% to 20% of the height 
of the foregoing inlet edge surface, it is possible to elim- 
inate the non-uniformity in the relative gas inflow angles 



between the center and the ends (shroud side and hub 
side) of the turbine blade inlet, to keep the gas incidence 
angle constant in the height direction of the inlet of the 
turbine blades. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0043] Figure 1 is a sectional structural diagram of the 
upper half of a first embodiment from the axis of rotation 
10 of the turbine rotor and scroll. 

[0044] Figure 2 is a graph that explains the operation 
of the foregoing first embodiment. 
[0045] Figure 3(A) shows a second embodiment cor- 
responding to Figure 1 , and Figure 3 (B) shows the ve- 
ts locity distribution of the gas flow. 

[0046] Figure 4(A) shows a third embodiment corre- 
sponding to Figure 1 , and Figure 4(B) is a perspective 
view taken along the arrows A - A of Figure 4(A). 
[0047] Figure 5(A) shows a fourth embodiment being 
20 a front view of the scroll, and Figure 5(B) is a perspective 
view taken along the arrows B - B of Figure 5(A). 
[0048] Figure 6 (A) , Figure (B), Figure (C) are the di- 
agrams to explain the operation of the foregoing fourth 
embodiment. 

25 [0049] Figure 7(A) and Figure (B) show a graph that 
shows the velocity distribution of the gas flow inside the 
scroll. 

[0050] Figure 8 (A) is a sectional view taken along the 
axis of rotation of a turbocharger that incorporates the 
30 present inventions in a radial turbine, and Figure 8(B) is 
a rough sketch of the same. 

[0051 ] Figure 8(A) is a sectional view showing the top 
half, from the axis of rotation, of a first embodiment of 
this invention's turbine rotor, and Figure 8(B) is a rough 
35 sketch of the same. 

[0052] Figure 9 shows the sectional view showing an- 
other example of the present invention. 
[0053] Figure 1 0(A) and Figure 1 0(B) are the explan- 
atory diagram to show the inhibitory effects upon sec- 
40 ondary flows forming inside the turbine blades. 

[0054] Figure 1 1 shows an example of a turbocharger 
using a radial turbine according to the prior art. 
[0055] Figure 12 is a structural diagram showing the 
foregoing scroll 4 and surrounding area in a radial tur- 
45 bine according to the prior art. 

[0056] Figure 13(A), Figure 13 (B) show the area 
around a tongue formed in inner circumference of the 
gas inlet to the radial turbine; Figure 1 3(A) is a front view 
from a right angle to the axis of rotation, and Figure 13 
so (B) is a view in the direction of the arrows on line B-B of 
Figure 13(A). 

[0057] Figure 14 show the operational sketch show- 
ing the foregoing gas inflow velocity C. 
[0058] Figure 1 5(B) and Figure 1 5(B) show a velocity 
55 distribution according to the prior art. 

[0059] Figure 16(A) shows a blade according to the 
prior art, and Figure 1 6 (B) shows circumferential direc- 
tional component C e of the absolute velocity C of the 
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gas at the inlet to the blades. 

[0060] Figure 1 7 (A) and Figure 1 7(B) are the explan- 
atory diagram of the changes in the gas flow velocity in 
the circumferential and height direction. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0061] in this section we shall explain several pre- 
ferred embodiments of this invention with reference to 
the appended drawings. Whenever the size, materials, 
shapes, relative positions and other aspects of the parts 
described in the embodiments are not clearly defined, 
the scope of the invention is not limited only to the parts 
shown, which are meant merely for the purpose of illus- 
tration. 

Structure of the Scroll 

[0062] The basic structure for the turbocharger with 
the radial turbine is similar to that of conventional turbo- 
chargers shown in Figure 11. However, this invention 
has improved the shape of the scroll. 
[0063] In Figure 1 1 , which shows the overall structure 
of a turbocharger that incorporates a radial turbine, 1 
represents the turbine casing, 4 the vortex-shaped scroll 
formed inside said turbine casing 1 , 5 the gas outlet flow 
path formed inside the foregoing turbine casing 1 , 6 the 
compressor casing, and 9 the bearing housing which 
joins the foregoing turbine casing 1 with compressor 
casing 6. 

[0064] 10 is the turbine rotor which has a plurality of 
turbine blades 3 attached at equal intervals around its 
circumference. 7 is the compressor; 8 the diff user, which 
is mounted at the air outlet of said compressor 7; and 
1 2 the rotor shaft, which joins turbine rotor 1 0 with com- 
pressor 7. 11 is a pair of bearings affixed in bearing 
housing 9 to support the forgoing rotor shaft 1 2. 20 rep- 
resents the axis of rotation for the foregoing turbine rotor 
10, compressor 7 and rotor shaft 1 2. 
[0065] In the turbocharger equipped with this radial 
turbine, exhaust gases from the internal combustion en- 
gine (not shown) enterthe foregoing scroll 4, where they 
are swirled along scroll 4 and flow into said turbine 
blades 3, from the outside circumferential edge surface 
of the inlet to the turbine blades, toward the center of 
turbine rotor 1 0 in the radial direction, and after perform- 
ing the expansion work on said turbine rotor 1 0, flow out 
in the axial direction through the gas outlet passage 5. 
[0066] According to the first embodiment of this inven- 
tion for the scroll shown in Figure 1 , a plurality of turbine 
blades 3 are affixed at equal intervals around the outside 
circumference of turbine rotor 10. 
[0067] 4 represents the scroll formed inside of turbine 
casing 1 , 41 is its outer circumferential wall, 42 is its front 
and back side walls, and 43 is its inner circumferential 
wall. The foregoing scroll 4 has been formed in a manner 
such that the distance between its front and back side 



walls 42, in other words, the width B along the axis of 
rotation, is greater than the width AR in the radial direc- 
tion between the outer circumferential wall 41 and the 
inner circumferential wall 43. 

[0068] Thus, the forgoing scroll 4 is formed in a man- 
ner such that the scroll width ratio, between foregoing 
radial direction width (AR) and the width (B) along the 
axis of rotation 20, AR/B is: AR/B = 0.3 to 0.7, preferably 
AR/B = 0.5. 

[0069] Thus, in this embodiment, the shape of the 
scroll has been flattened by making width AR in the ra- 
dial direction of scroll 4, and the width B in the direction 
of the axis of rotation 20 to achieve scroll width ratio AR/ 
B = 0.3 to 0.7, which means that the width B of scroll 4 
in the direction of the axis of rotation is longer, roughly 
double, than the width AR in the radial direction. 
[0070] Although the total friction loss in this embodi- 
ment, from side walls 42 and inner and outer circumfer- 
ential walls 43, 41 , is approximately the same as for con- 
ventional designs having a scroll width ratio of AR/B = 
1 , the radial direction velocity C R at the square areas on 
both ends of turbine blades 3, which corresponds to 
shroud side 36 and hub side 34 by both side walls 42, 
42 of said scroll 4, has been reduced compared to con- 
ventional designs, which causes the distribution of the 
radial direction velocity C R in the direction of the axis of 
rotation 20 to become more uniform. This results in a 
reduction of secondary flow loss inside the scroll. 
[0071] Figure 2 shows the results of a simulation of 
flow loss in scroll 4 and at turbine blades 3 (the relation- 
ship between the foregoing scroll width ratio AR/B and 
pressure loss). As is apparent from Figure 2, when the 
scroll is structured according to the present invention 
(the range designated by N) where AR/B = 0.3 to 0.7, 
preferably 0.5, the gas flow loss is dramatically lower 
than the conventional design for the scroll width ratio 
AR/B=1 , shown in the N 0 range. 
[0072] Accordingly, the development of a three di- 
mensional boundary layer was inhibited, and the flow 
loss passing through scroll 4, caused by the gas flow 
which remains distorted in the height direction of the tur- 
bine blades 3 as it flows onto said blades 3 can be re- 
duced. Especially mixture loss can be reduced. 
[0073] Figure 3 (A), and (B) show a second embodi- 
ment of a scroll. As shown in Figure 3(A) the sectional 
shape of scroll 4 has been formed to expand at a fixed 
rate in a manner such that width B in the direction of axis 
of rotation 20 expands either in a straight line or curve 
(this example shows a linear expansion) from width B 1 
on the outside circumferential side in the radial direction 
to width B 2 . 

[0074] The foregoing width B in the direction of the 
axis of rotation is formed in a manner such that the width 
B 2 on the inside circumferential side in the radial direc- 
tion is 1 .2 to 1.5 times the width B 1 on the outside cir- 
cumferential side. The remainder of the structure is the 
same as shown for the first embodiment in Figure 1 ,as 
are the reference numbers for corresponding parts. 
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[0075] In this embodiment, since the width B in the 
direction of the axis of rotation 20 in the scroll is struc- 
tured to expand in the radial direction from the outside 
circumferential wall 41 side to the inner circumferential 
wall 43 side, the radial direction velocity C R at the side 
walls 42, corresponding square areas on both ends of 
turbine blades 3, i.e. the shroud side 36 and the hub side 
34, is reduced compared to conventional designs hav- 
ing a fixed scroll width, which causes the distribution of 
the radial direction velocity (C R ) in the direction of the 
axis of rotation to be more uniform. 
[0076] To wit, as shown in Figure 3(B), while the dis- 
tribution in the direction of the axis of rotation of the ra- 
dial direction velocity (C R ) is disparate between the 
center and the side wall 42 areas for the M A area of scroll 
4 on the outside circumferential side wherein the veloc- 
ity near the side walls 42 is greater than the velocity near 
the center and becomes uneven, in the inside circum- 
ferential side in the M 2 area near turbine blades 3, the 
distribution of the velocity is more uniform due to the 
reduction in the radial direction velocity C R near the side 
walls in the direction of the axis of rotation. 
[0077] This results in the inhibition of the development 
of a three dimensional boundary layer, and in the reduc- 
tion of the flow loss at the blades due to the gas flow 
entering said turbine blades with the turbulence intact 
in the height direction of the blades. 
[0078] Figure 4(A), (B) show a third embodiment of a 
scroll wherein both side walls 042 of the foregoing scroll 
4 have been formed with a corrugated surface. As 
shown in Figure 4(B), whether a concentric plurality of 
grooves be formed in the radial direction or whether spi- 
ral grooves be formed, the convex/concave surfaces 
need only to achieve the effect of reducing the radial 
direction velocity C R , as elaborated below. The remain- 
der of the structure is similar to that of the first embodi- 
ment depicted in Figure 1, and the reference numbers 
for corresponding parts are identical. 
[0079] The corrugation of the surface of both side 
walls 042 of scroll 4 in the present embodiment serves 
to reduce the radial direction velocity C R in the area of 
both side walls 042 of said scroll 4, in other words, at 
both ends of the turbine blades 3 at the shroud side 36 
and hub side 34, compared to the structure of the prior 
art that employed smooth sides. This results in a more 
uniform distribution of the radial direction velocity C R in 
the direction of the axis of rotation of said scroll 4. 
[0080] This results in the inhibition of the development 
of a three dimensional boundary layer, and in the reduc- 
tion of the flow loss at the blades due to the gas flow 
entering said turbine blades with the turbulence intact 
in the height direction of the blades. 
[0081] Figure 5(A), (B) show a fourth embodiment of 
a scroll , wherein the width dimension between side walls 
46 at the downstream right after the tongue 45 which 
was formed to a thickness of T on the inside circumfer- 
ence of the gas inlet has been narrower by an amount 
equal to the thickness (T) of the tongue to produce a 



sectional area of the flow path at the downstream right 
after the foregoing tongue 45 that is slightly smaller than 
the sectional area of the flow path at the tongue edge 
45a. Thus, the constriction of the flow path at the down- 
5 stream right by the tongue edge 45a of the tongue re- 
duces the wake that forms at the tongue, and thereby, 
reduces the distortion in the flow at the outlet of scroll 4. 
[0082] When the gas flows through the scroll 4, wake 
50 is generated due to the pressure difference between 
10 the upper space and the lower space at the tongue 45. 
According to the fourth preferred embodiment, the width 
of the side wall 46 has been formed partially reduced by 
an amount equal to the thickness (T) of the tongue, to 
produce a sectional area of the flow path at the down- 
15 stream right after the foregoing tongue 45 that is slightly 
smaller than the sectional area of the flow path at the 
tongue edge 45a. Thus, the constriction of the flow path 
at the downstream right after the tongue edge 45a of the 
tongue reduces the wake 50 that forms at the tongue, 
20 and thereby, reduces the distortion in the flow at the out- 
let of scroll 4. 

[0083] Also, in this embodiment, as shown in Figure 
6(C), due to the action of the slight constriction of the 
width of the flow path at the downstream right after the 
25 tongue edge 45a, the tendency toward the formation of 
a boundary layer at the position (L^ of tongue 45 reduc- 
es the circumferential velocity C e near the side walls 
42,while the distribution of the circumferential velocity 
in the direction of the rotational axis 20 of scroll 4 be- 
30 comes less uniform. On the other hand, at position (L 2 ) 
of the side walls 46 of the downstream right after the 
tongue, the reduction of the aforementioned circumfer- 
ential velocity C e near the side walls 42 is avoided, and 
the distribution of the circumferential component be- 
35 comes more uniform. Accordingly, the distribution of the 
radial direction velocity C R in the direction of axis of ro- 
tation 20 is made more uniform to inhibit the develop- 
ment of a three dimensional boundary layer, while the 
gas flow loss caused by the gas flow which remains dis- 
40 torted in the height direction of the turbine blades as it 
flow onto said blades can be reduced. 
[0084] Figures 7 (A), and 7(B) show the graphs ex- 
plaining the distribution of the radial direction velocity 
C R for the first through fourth embodiments of this in- 
45 vention, and for a conventional scroll. Figure 7(A) shows 
the distribution in the circumferential direction (9), and 
Figure 7(B) shows the distribution in the height direction 
(Z) of the turbine blades. As is apparent from Figures 7 
(A) and 7(B), the distribution in the circumferential direc- 
50 tion (G) of the radial direction velocity (C R ) of the fourth 
embodiment has been made more uniform by the scroll 
of the present invention (A 2 ) as compared with conven- 
tional scrolls (A-,), in addition, the distribution in the 
height direction (Z) of the turbine blades for the radial 
55 direction velocity (C R ) is also more uniform in the fore- 
going embodiments (B 2 ) than for the conventional scroll 
(Bi). 
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Structure of the Blades 

[0085] The present invention improves the gas inlet 
area of the turbine blades used in the turbocharger em- 
ploying a radial turbine which is basically similar to the 5 
conventional structure already shown in figure 11 . 
[0086] To wit, as shown in Figure 8(A) and Figure 8 
(B) showing the turbine blades according to the fifth em- 
bodiment of this invention, a plurality of turbine blades 
3 have been affixed at uniform intervals around the cir- 
cumference of turbine rotor 10. Said turbine blades 3 
are structured as follows. 

[0087] 31 is an inlet edge surface for the gas inlet, 35 
the hub, 37 the shroud, and 32 the outlet edge surface. 
The foregoing inlet edge surface 31 is has a flat surface 
formed in the center, and on the two ends in the height 
direction, on shroud side 36 and hub side 34, there is 
an angled cut-away area 33 that has been cut by a pre- 
scribed amount. Figure 8(B) shows a perspective view 
of the foregoing cut-away area 33. 
[0088] The sectional shape of said cut-away area 33 
is rounded to a curved shape to make a smooth transi- 
tion on the flat inlet edge surface 31 , he shroud 37 and 
hub 35 sides. 

[0089] As shown in Figure 9 for another example of 
the turbine blades, the foregoing cut-away area 33 can 
have a linear sectional shape. The other aspects of the 
structure are the same as for the above example shown 
in Figure 8(A), and these bear the same reference num- 
bers. Since the sectional shape of the cut-away area in 
this embodiment is linear, it is easy to make the below 
described adjustments for diameter D 1 on hub side 34 
and diameter D 2 on shroud side 36. 
[0090] Since the width of the foregoing three dimen- 
sional boundary wave that forms at the inlet edge sur- 
face 31 is less than 20% of the height B as shown in 
Figure 16(B), the amount of the cut-away area 33 in the 
direction of the height of the turbine blades C, and in the 
radial direction d 1 and d 2 shown in Figure 9 have been 
structured to be 10% to 20% of the height B of the fore- 
going inlet edge surface 31 to adjust it to the formation 
width of said three dimensional boundary layer. D 0 \s the 
diameter in the center of theforegoing inlet edge surface 
31 , D r the diameter of the cut-away area on hub side 
34, and D 2 the diameter of the cut-away area on the 
shroud side 36. The amount of the cut away area 33 is 
obtained as follows. 

[0091] In Figure 1 6(A), the height of the inlet edgesur- 
face 31 has been optimized for the relative gas inflow 
anglep 1 to a diameter D 0 for the center area of said in let 
edge surface 31 , but the diameters on the ends, on hub 
side 34 and shroud side 36, have been recessed by the 
amounts d 1 and d^to be D 1 and D 2 , respectively. 
[0092] As shown in Figure 16(B), the foregoing hub 
side 34 diameter D 1 and shroud side 36 diameter D 2 , 
were determined by the relationship between the cir- 
cumferential directional component C e of the absolute 
velocity C of the gas at the inlet to the blades and the 



circumferential velocity U at the inlet to the turbine 
blades. To wit, because the foregoing circumferential di- 
rectional component C G speeds up as the diameter of 
the blade inlet decreases according to the free vortex 
law (C Q R = constant) on the one hand, and the circum- 
ferential velocity U decreases (U = nDN/60 where N is 
the number of rotations of the turbine rotor) on the other, 
the foregoing cut-away areas 33, reduce the foregoing 
diameter D 1 on hub side 34 and diameter D 2 on shroud 
side 36, in other words the diameters at the two ends of 
the inlet edge surface 31 compared to the diameter D 0 
at the center by the amounts d 1 and d 2 , which increases 
the circumferential component C e of the absolute flow 
velocity and reduces the circumferential velocity U, to 
thereby optimize the relative gas inflow angle p 2 at the 
both ends to reduce it to the level of the relative gas 
inflow anglep 1 in the center area. 
[0093] Here, the comparison between the circumfer- 
ential direction component C e of the absolute velocity at 
the center and on both ends (hub side 34 and shroud 
side 36) of the inlet edge surface 31 and the radial di- 
rection component C R , is already apparent as shown by 
the triangle of velocity in Figure 1 6(A) and Figure 1 6(B). 
The relationship dictates that, by reducing the turbine 
blade inlet diameters D 1 and D 2 of the foregoing end 
areas (hub side 34 and shroud side 36) by 90% to 99% 
over the diameter D 0 in the center, it is possible to opti- 
mize the relative gas inflow anglep 2 at both of the for- 
going end areas. 

[0094] Figure 1 0(A) and Figure 1 0(B) show the com- 
parison of the secondary flow inside said turbine blades 
3 for the turbine blades of this embodiment and conven- 
tional turbine blades. The secondary flow is generated 
in a direction that is perpendicular to the primary flow. 
In the Figures, S 1 is the conventional case, and S 2 
shows the present embodiment. Figure 1 0(A) is the sec- 
ondary flow on the blade surface, Figure 10(B) shows 
the effect of the secondary flow on the shroud surface 
upon the flow inside the blade. As is apparent from Fig- 
ure 1 0(A), forthe conventional turbine S v there is a sec- 
ondary flow rising up on the shroud side (toward the top 
of the blade) directed toward the blade outlet on the neg- 
ative pressure surface F 1 side, but in the embodiment, 
the cut-away areas 33 inhibit the secondary flow, and 
the flow is on the hub side (S 2 ). Further, as shown in 
Figure 10(B), in the conventional case S f , the second- 
ary flow is generated on the shroud surface side, but for 
the embodiment, the foregoing cut-away areas inhibits 
the secondary flow and the flow is on the positive pres- 
sure surface F 2 side. 

[0095] Thus, on the inlet side (shroud, hub) of the tur- 
bine blades 3, the impact angle (incidence angle) of the 
gas is reduced, which not only reduces impact loss at 
the inlet to the turbine blades, but it inhibits the second- 
ary flow. 

[0096] By forming the angled cut-away area 33 on 
shroud side 36 and hub side 34 of the inlet edge surface 
31 of turbine blades 3 in these embodiments, the diam- 
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eters at both ends of the inlet edge surface 31 , D f and 
D 2 are reduced from the center diameter D 0 , and the 
relative angle of gas flow (p) flowing into the blades 3 in 
the height direction of said blades 3 by varying the size 
of the cut-away areas, it is possible to optimize the inlet 
edge surface 31 at both ends, i.e. shroud side 36 and 
hub side 34 to recess them toward the inside circumfer- 
ence, according to the gas flow distribution, and also to 
optimize the relative angle of gas flow (p) in the height 
direction of said blades 3. So doing makes it possible to 
maintain a constant gas impact angle (incidence angle) 
at the inlet to the turbine blades in the height direction 
of blades 3. 

[0097] As described above, because the shape of the 
scroll has been flattened by structuring the scroll width 
ratio, the width of the scroll in the radial direction (AR) 
and the width (B) in the direction of the axis of rotation 
to be: AR/B = 0.3 to 0.7, compared to the conventional 
scroll structure where the radial direction velocity at the 
scroll side walls near the square areas on both ends of 
the turbine blades is AR/B = 1 , the formation of a three 
dimensional boundary layer is better inhibited. The flow 
loss caused by the gas flow which remains distorted in 
the height direction of the turbine blades as it flows onto 
said blades can be reduced. 

[0098] Since the distribution of the radial direction ve- 
locity in the direction of the axis of rotation of the scroll 
had been made more uniform by reducing the radial di- 
rection velocity inside of the scroll, compared to the prior 
art, at the scroll side walls near the square ends of the 
turbine blades as the flow approaches those blades, 
which inhibits the formation of a three dimensional 
boundary layer, and reduces the flow loss caused by the 
gas flow which remains distorted in the height direction 
of the blades as it flows onto said blades. 
[0099] Compared to the smooth surfaced side walls 
of conventional scrolls, the invention reduces the radial 
direction velocity at the side walls of the scroll near the 
square ends of the turbine blades by corrugating the 
side wall surfaces, which makes the radial direction ve- 
locity distribution in the direction of the axis of rotation 
of the scroll more uniform, and which inhibits the forma- 
tion of a three dimensional boundary layer, while reduc- 
ing the flow loss caused by the gas flow which remains 
distorted in the height direction of the blades as it flows 
onto said blades. 

[0100] The invention reduces the wake generated at 
the tongue by forming the sectional area of the flow path 
at the downstream right after the tongue to be slightly 
smaller than the sectional area of the flow path at the 
end of the tongue, which makes it possible to reduce the 
wake generated at the tongue, resulting in also reducing 
the turbulence at the outlet from the scroll. 
[0101] Further, the formation of a three dimensional 
boundary layer can be inhibited by reducing the width 
of the flow path at the downstream right after the tongue 
by an amount equal to the thickness (T) of the tongue, 
which reduces the flow loss caused by the gas flow 



which remains distorted in the height direction of the 
blades as it flows onto said blades, 
[0102] As detailed above, the present invention, by 
means of forming an angled cut-away area on both the 
5 shroud side and hub side at the inlet edge surface of the 
turbine blades, makes it possible to recess both ends of 
the inlet edge surface of the blades to conform to the 
gas flow distribution at the inlet to the turbine blades, to 
optimize the relative inflow angle of the gas (p) in the 
w height direction of the turbine blades. 

[01 03] The above structures make it possible to keep 
the impact angle (incidence angle) at the inlet to the tur- 
bine blades constant in the height direction of the blades 
to eliminate any impact loss at the inlet to the turbine 
15 blades, that accompanies variation in the relative inflow 
angle of the gas, and to prevent increased flow losses 
from secondary flows inside the blades as means to 
avoid declines in turbine efficiency. 
[0104] Further, when structured as above, by match- 
20 ing the amount cut away from the inlet edge surface of 
the blades to at least the width of the three dimensional 
boundary layer, by having a length in the radial direction 
that is 1 0% to 20% of the height of the inlet edge surface 
as a means to eliminate the disparity in the relative gas 
25 inflow angle caused by the three dimensional boundary 
layer between the center area and the end areas 
(shroud side and hub side) of the inlet to the turbine 
blades, and to make constant the gas impact angle in 
the height direction of the blades at the blade inlet. 
30 [01 05] In sum , the present inventions make it possible 
to reduce the gas flow loss in the scroll and at the turbine 
blades, which improves turbine efficiency. 



35 Claims 

1 . A radial turbine comprising a vortex-shaped turbine 
scroll formed inside a turbine casing and turbine 
blades of a turbine rotor positioned inside said tur- 

40 bine scroll, wherein an operating gas is adapted to 
flow through said vortex-shaped scroll to said tur- 
bine blades, flow into said turbine blades in a radial 
direction to rotate the turbine rotor before flowing 
out in the axial direction, wherein said turbine scroll 

45 has a scroll width ratio AR/B between the width in 
the radial direction (AR) and the width in the direc- 
tion of the rotation (B) in the range from 0.3 to 0.7. 

2. The radial turbine according to claim 1 , wherein said 
so width of said turbine scroll in the direction of the ro- 
tation (B) expands at a fixed rate from the outside 
circumference in the radial direction toward the in- 
side circumference. 

55 3. The radial turbine according to claim 1 .wherein said 
width of said turbine scroll in the direction of the ro- 
tation (B) is formed so that the width of the inside 
circumferential edge in the radial direction (B 2 ) is 
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1 .2 to 1 .5 times the width of the outside circumfer- 
ential edge (B.,). 

4. The radial turbine according to claim 1, 2 or 3, 
wherein the side wall of said turbine scroll has a cor- 
rugated surface. 

5. The radial turbine according to claim 1| 2, 3 or 4, 
wherein the sectional area of the flow path of said 
turbine scroll downstream right after a tongue 
formed at the inner circumference of a gas inlet of 
said turbine scroll is formed partially smaller than 
the sectional area of the flow path at the tongue 
edge by narrowing the flow path in the width direc- 
tion in an amount corresponding to the thickness 
(T) dimension of the tongue. 

6. A radial turbine comprising a vortex-shaped turbine 
scroll formed inside a turbine casing and turbine 
blades of a turbine rotor positioned inside said tur- 
bine scroll, wherein an operating gas is adapted to 
flow through said vortex-shaped scroll to said tur- 
bine blades, flow into said turbine blades in a radial 
direction to rotate the turbine rotor before flowing 
out in the axial direction, wherein the sectional area 
of the flow path of said turbine scroll downstream 
right after a tongue formed at the inner circumfer- 
ence of a gas inlet of said turbine scroll is formed 
partially smaller than the sectional area of the flow 
path at the tongue edge by narrowing the flow path 
in the width direction in an amount corresponding 
to the thickness (T) dimension of the tongue. 

7. The radial turbine according to claim 5 or 6, wherein 
the width of the tongue's downstream side walls is 
formed partially narrower in an amount equal to the 
thickness (T) of said tongue than the width of the 
tongue's edge side walls. 

8. The radial turbine according to any one of claims 1 
to 7, wherein said turbine blades have areas at 
blade corners cut-away by a prescribed amount, 
said cut away areas being provided on an inlet edge 
at the shroud side and hub side where the operating 
gas flows during operation. 

9. A radial turbine comprising a vortex -shaped turbine 
scroll formed inside a turbine casing and turbine 
blades of a turbine rotor positioned inside said tur- 
bine scroll, wherein an operating gas is adapted to 
flow through said vortex-shaped scroll to said tur- 
bine blades, flow into said turbine blades in a radial 
direction to rotate the turbine rotor before flowing 
out in the axial direction, wherein said turbine 
blades have areas at blade corners cut-away by a 
prescribed amount, said cut away areas being pro- 
vided on an inlet edge at the shroud side and hub 
side where the operating gas flows during opera- 



tion. 

10. The radial turbine according to claim 8 or 9, wherein 
said cut-away areas have a height in the radial di- 

5 rection which is at least 1 0% to 20% of the width of 
an inlet edge surface. 

1 1 . The radial turbine according to claim 8 or 9, wherein 
said cut-away areas have a curve shaped cut-away 

10 which has a rounded sectional shape. 

12. The radial turbine according to claim 8 or 9, wherein 
said cut-away areas have a linear sectional shape. 
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